Abstract -In pharmacoepidemiology studies, the nature of the research question will dictate the choice of methodological approach and the conditions for optimizing the level of evidence. Thus, to document the treated population and the modes of use of a new drug in real-life prescribing conditions, a descriptive approach through cross-sectional or longitudinal studies conducted on databases, or else ad-hoc studies, will be preferred. On the other hand, evaluation of the real-life "effectiveness" of a new drug will be based on cohort, case-control or scientific modeling, depending on the drug and the disease of interest. For questions involving drug risks and safety, it is the adverse effects profile that will guide the choice of study design, both for identification of the effect (signal) and assessment of causation. In all cases, in the post-marketing authorization (MA) setting, the evidence acquired in pre-MA studies serves as the basis for generating hypotheses. Whatever the research question and the method chosen to address it, the potential biases and their impact on the results need to be identified. In certain cases, a combination of several complementary approaches may prove preferable to a single study.
Introduction
Pharmacoepidemiology studies and, more generally, studies evaluating the impact of drugs, have been the subject of numerous manuals, publications and guidelines. Over the last 10 years, this theme has been debated at the round tables of the Giens workshops. In 2002, round table No. 2 addressed the post-marketing evaluation of drugs and described the different possible methodologies as a function of the questions asked. [1] In 2004, round table No. 2 examined the respective roles of comparative clinical trials and cohort monitoring studies in the pre-and post-marketing assessment of drugs. [2] The 2010 workshops (round table No. 5) debated the role of post-marketing studies from a standpoint of risk assessment and pharmacovigilance. [3] In 2011, the impact of drugs in the real-life setting was analyzed through scientific modelling approaches. [4] In 2012, the topic of pharmacoepidemiology studies was addressed, in terms of levels of evidence and how they can be reached. To propose a pragmatic approach, the working group decided to examine the subject from the perspective of the question being asked (usually by health authorities or institutions), since this constitutes the starting point for any reflection and therefore guides the choice of methodology. Furthermore, the nature of the question and possibly the time frames in which it must be answered define the conditions for optimizing the level of evidence (considerations of quality, biases and cost).
The questions were divided into three main categories: -conditions of use/identification of target and treated populations; -"effectiveness" or performance of the drug in real-life conditions of prescription and use; -safety and risk assessment.
System approach
The working group reflected upon the best possible approach, according to the context of studies of use on the one hand, which aim to document the real-life conditions of use of a drug, or the context of association studies, pertaining either to effectiveness or safety, on the other. For each of these two domains, the working group discussed the most appropriate criteria by which to answer the question, ultimately based on the Bradford Hill guidelines for causation. [5] Classically, studies are placed into hierarchies according to their confidence value underpinned by the design of the study itself (clinical trial, cohort or case-control study, etc.), and the general assumptions about potential biases. However, these hierarchies were developed primarily in a context of demonstrating efficacy and do not necessarily apply to other domains of post-marketing assessment (figure 1). For example, according to the French Health Authority (Haute autorité de santé, HAS) recommendations for elaborating clinical practice guidelines, [6] studies are classified into four levels of evidence, from level 1 (randomized clinical trials [RCT] with high power; meta-analyses) to level 4 (case series, retrospective studies). This leads to a ranking of recommendations from A (established scientific evidence conferred by data from level 1 studies) to C (low level of evidence, corresponding to low-quality retrospective studies or case series).
Other sources also propose categorizing the level of evidence according to study design, with the same hierarchy.
According to the Oxford Centre for Evidence Based Medicine (CEBM), the level of evidence of a study can be graded down due to intrinsic weaknesses, imprecision, indirect nature of evidence, inconsistency between studies, or an absolute effect size that is too small. [7] Independently of study design, the level of evidence can conversely be graded up if the effect size is large or very large. Also, according to the CEBM, the level of evidence of a systematic review is always higher than that of an individual study. The grading of recommendations assessment, development and evaluation (GRADE) recommendations for rating the quality of evidence [8] are based on study design (trials or observational studies) and propose five reasons to possibly rate down the quality of evidence (bias, inconsistency, indirectness, imprecision and publication bias) and three reasons to possibly rate up the quality of evidence (size of effect, criteria [5] and Haute autorité de santé. [6] dose-response, residual confounding). Of course, this only concerns association studies which relate exposure to a positive or negative outcome, and does not apply to descriptive studies which fall under a quite different hierarchy. The working group considered that the classical hierarchies do not necessarily apply to all types of situations encountered when pharmacoepidemiology studies are requested. To focus on the context of the Grade recommendations, the group revisited the Bradford Hill guidelines for causation, classically and historically used to assess causation in the context of observational studies. These guidelines, first proposed in the 1960s and modified in the 1980s, were recently revised by other authors to rank the level of evidence according to the research question and the available studies. [9, 10] As these criteria make use of the entire set of information to assess causation, the guiding principle in the group's discussions was the consideration of a bundle of evidence.
Howick et al. propose a simplification of the original Bradford Hill guidelines into three categories: direct evidence, mechanistic evidence and parallel evidence. These authors state that the size of effect has more importance than the individual level of evidence of a given study. [9] An observational study identifying an effect large enough to outweigh the combined effects of plausible confounders can thus be considered on a par with RCTs. This is also the case for RCTs themselves. These authors also propose supplementing this level of evidence by mechanistic evidence (from in vitro or animal studies) and parallel evidence (from related studies with convergent results), in addition to systematic reviews or teleoanalysis. [11] According to Wald and Morris, teleoanalysis can be defined as the synthesis of different categories of evidence to obtain a quantitative general summary of (a) the relation between a cause of a disease and the risk of the disease and (b) the extent to which the disease can be prevented. [11] Teleoanalysis is different from meta-analysis because it relies on combining data from different study designs (case reports or case series, randomized clinical trials, meta-analyses...) across all grades of evidence rather than one type of study. [12, 13] This could be especially useful when RCTs are unfeasible.
Treated population/modalities of use
In this domain, the questions are usually aimed at documenting the real-world conditions of use of a drug. This defines the extent to which the conclusions from clinical trials and other studies with high confidence value are applicable. For a drug in a defined disease, the questions relate to diagnosis and/or disease stage (related to the indication), characteristics of treated patients, medical history, comorbidities, concomitant treatments, dosage, dispensing frequency and adherence to treatment, and the frequency and reasons for discontinuing treatment, to give a few examples.
In this context, sample representativeness is the essential point on which the level of evidence is based. Sample selection therefore requires suitable survey techniques that are clearly described and justified in the sampling plan, followed by a revision of certain criteria of representativeness when necessary. The approach by which to address this type of question is mainly of a descriptive nature through cross-sectional and longitudinal studies on data from: -databases (eg. ) and/or -ad hoc field studies, ensuring that the study will capture the representativeness of the included populations. Generally speaking, these studies should comply with good epidemiology practices and sampling/survey methods. The epidemiologist can and should collaborate with the investigators in order to achieve the suitable level of evidence.
-In the case of a new drug, it is important to make sure that there is sufficient market penetration to be able to conduct a descriptive study before commencing the study. This is because when a new drug is launched, prescribers initially "test" it in specific subsets of patient who are refractory or have failed other drugs already on the market, in order to acquaint themselves with the new drug. Between six and twelve months after product launch is considered a useful lag time to reach "stable" prescribing practices. This interval depends on the drug in question because practices vary according to the disease of interest, the alternative treatments, and the efficacy and perceived risks of the new drug; -furthermore, so as to guarantee an acceptable level of evidence, sample representativeness should be taken into account in the protocol and the effects of selection and information biases should be analyzed and discussed. This may require an analysis of different source data which, if convergent, will confirm in advance the absence of selection bias.
Real-life effectiveness/performance
In this domain, studies are aimed at evaluating and comparing the effectiveness of a drug in the post-MA setting by comparing it with efficacy data from the pre-MA phase. The question can also be asked for a new drug, in terms of effectiveness relative to alternative treatments not used as comparator in pre-MA studies.
In this context, the methodological designs to address the question can be of the type:
-cohort: disease/therapeutic class/drug under study (on databases-EGB/SNIIRAM, programme for medicalization of information systems [programme de médicalisation des systèmes d'information, PMSI], Disease Analyzer, Thalès -or ad hoc, depending on the main outcome measure chosen). Modern methods of adjustment and matching, in particular based on instrumental variables or propensity scores including high dimensional, in conjunction with very careful analyses of potential biases, make it possible to minimize bias and yield highly pertinent results; -pragmatic trials, with the difficulties of clarifying the still very uncertain notion of a pragmatic trial versus simple, very large clinical trials; -case-control study (e.g. in the domain of prevention or vaccination where the event of interest is very rare): studies on databases or ad hoc studies. Such studies require very rigorous attention and care to methodological issues and control of biases, which must be clearly explained and very accurately analyzed; -scientific modelling: this is of particular interest when seeking to evaluate the potential long-term impact of a new drug or to simulate its impact on morbidity and mortality (e.g. vaccination). Accurate data must form the basis of any modelling approach and specific studies may be necessary to obtain such data. In terms of recommendations and choice of study design, it is important to:
-first formulate hypotheses about the projected effectiveness based on data from clinical trials; -check the information available in existing databases and registries (see previous section) and the feasibility of a database study, identifying any potential biases; -otherwise plan and set up an ad hoc study, making sure that the modalities of study execution can actually contribute useful information. It should be recalled that observation of an unexpected benefit will always require a randomized trial in order to obtain a MA.
Safety
The approach to questions relating to drug safety depends on the type of undesirable effect(s) concerned.
Several adverse effect classifications exist (World Health Organization [WHO], medical dictionnary for regulatory activities [MedDRA], etc.), according to nature, severity, frequency, etc. There is also a classification based on mechanism, containing up to six categories which take into account withdrawal effects or timedependent effects, for example. [14] In the round table discussions, the working group retained the first three of the six proposed categories because they account for the majority of situations for which pharmacoepidemiology studies are requested.
These three types of effects are as follows: -type A effect: a reaction related to the pharmacological action of the drug and/or a predictable reaction, [14] explained by the drug's pharmacodynamic and/or pharmacokinetic characteristics. This type of effect is common, predictable and easily identifiable during clinical trials, even though it accounts for the majority of serious adverse effects (AEs) and drug-related deaths. Examples include hypoglycaemia and oral antidiabetics, haemorrhage during anticoagulant therapy, diarrhoea caused by antibiotics, falls in patients taking benzodiazepines; -type B effect: a reaction not related to the pharmacological action of the drug; the reaction occurs after taking the drug (clear time-relation), the reaction is specific, generally serious and rare; it typically manifests in an identical manner and is usually unpredictable except in case of a previous exposure which provoked an initial reaction. Examples include immuno-allergic reactions (maculopapular rash and macrolide antibiotics, Lyell syndrome and antiepileptics, etc.); -type C effect: the working group considered this to be a reaction spontaneously present in the general population but suspected to increase in frequency in relation to the drug with a chronological relationship that is difficult to establish. Examples include cancer and diabetes medications, myocardial infarction and NSAIDs, etc. The nature of these three major types of effects requires different approaches for identification (signal) and evaluation of causation, and hence for defining the study design suited to each category. Figure 2 illustrates, for each of these categories, a hierarchy of studies according to their level of confidence to best answer the question.
• For type A effects, by definition, the data are available from pre-MA studies. The studies yielding the highest level of evidence would be randomized comparative clinical trials or cohort studies in a database, possibly supplemented by an ad hoc field study (in particular for populations excluded from pre-MA studies such as pregnant patients). If the event is rare, a case-control study can also provide an optimal level of evidence in light of the rarity of the event; • for type B effects, non-identifiable in pre-MA studies and unpredictable, the signal often emanates from spontaneous notifications. The signal intensity (frequency of cases) will influence the desired level of evidence. Spontaneous notification may itself be sufficient if the intrinsic causation assessment of the report(s) is high, especially if the event is rare and typical which confers the highest level in the evidence hierarchy. Next come pharmacoepidemiology studies (case-control and cohort), either on databases or disease or patient registries, finally followed by ad hoc studies, whose size may be prohibitive due to the often very low frequency of the event.
Whatever approach is chosen, the availability of explanatory arguments observed in specific patient groups or derived from pharmacogenetic investigations gives each study a higher level of evidence than the data from the study alone; • for type C effects, the signal generally comes from various sources, be it spontaneous notifications, case series, a pharmacological hypothesis, clinical trial data or datamining on medical databases. The prerequisite for implementing a study is to document the basic risk of the disease causing the adverse effect in the population, which then allows an interpretation of the absolute risk and the relative risk. Without truly being able to establish a hierarchy of studies, the optimal level of evidence can be obtained from a meta-analysis of pre-MA trials, cohort or case-control studies on large (national or international) databases, or from ad hoc studies if no other sources allow a conclusion.
Conclusion
-In the post-MA setting, the evidence acquired in pre-MA studies (including class effects) serves as reference for generating hypotheses. -Good practice guidelines should be followed: criteria to obtain the seal of European Network of Centres for Pharmacoepidemiology and Pharmacovigilance (ENCePP) studies [15] [16] [17] (auditable, reproducible, data transparency, etc.), HAS methodological guidance. [18] Identification of potential biases and analysis of their positive or negative impact on the results is an essential element. Anything that might compromise confidence in the result should be taken into account, possibly in a sensitivity analysis and/or scientific modelling approach.
-The qualitative and/or quantitative incorporation of all data (basic pharmacology, clinical trials, case series, etc.) through a teleoanalysis approach is essential. Where necessary, a combination of several complementary approaches (from different sources), either qualitatively by combining the Bradford Hill guidelines, or by quantitative modelling, accompanied by sensitivity analyses, might be preferable to a single study. This should be discussed and optimized according to feasibility, timelines (required for the study and necessary for measurements of the "surrogate endpoint" or "final outcome"), and costs. The next step in our reflection should concern the integration of all this information in models to quantify effect or perception of effect, in particular through the use of bayesian approaches. In summary, it is a bundle of evidence that informs decisionmaking, rather than a level of evidence. 
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